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Abstract 
Selection of conservation reserves is a feasible way to protect species from human disturbances in nature reserves. 
In this paper, we select two reserve networks to represent M. thibetana from Wuyishan Nature Reserve. With the 
purpose to conform to the primary function of biodiversity conservation, the first one considers all sites with relative 
high probability of species occurrence. The second reserve network is identified by using a target-oriented heuristic 
approach. Each reserve contained in these networks satisfies the space demand of M. thibetana. The comparison 
results show that the extinction probability of M. thibetana in the second network is significantly greater than that in 
the first network. Additionally, the sites included in the second network can only cover 24.9% of those have been 
chosen to the first network, from which we conclude that the target-oriented heuristic algorithm is not effective 
while the method employed to determine the first reserve network is the simplest way to represent species in nature 
reserves. 
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1. Introduction 
In China, species living in nature reserves are generally threaten by the development of tourism and the socio-
economic activities of local residents. Constructing reserve networks may be a feasible way to protect species from 
human disturbances [1,2]. 
In order to ensure the long-term persistence, species should be represented in the reserve networks in the first 
place [3,4]. Methods towards species representation, therefore, have been strongly emphasized in recent literatures 
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[5-10]. Based on these researches, several studies have focused on selecting representative reserve networks for 
protecting species in nature reserves [11-14]. However, the methods often aim at solutions that achieve a defined 
level of species representation. According to the primary function of biodiversity conservation, reserve networks 
designed for representing species in nature reserves should include all sites in which species have the relative high 
probability to occur. Thus, the problem that how these target-oriented methods work on effectively representing 
species in nature reserves is therefore often ignored.  
The aim of this study is (1) to propose an approach that can be used to select reserve networks for representing 
species in nature reserves, with a case study of M. thibetana from Wuyishan Nature Reserve, China; and (2) to 
examine the effectiveness of a target-oriented heuristic method to represent M. thibetana. With a reserve size 
constraint, the effectiveness is defined as the proportion of sites selected by the heuristic approach to those with 
relative high probability to house the targeted species. Besides, since the important role in species’ long-term 
regional persistence, the spatial arrangement of reserves selected by the heuristic approach is assessed and compared 
to that of reserves composed of contiguous sites with relative high probability of species occurrence. 
2. Materials and Methods 
2.1. Study area and species 
Wuyishan Nature Reserve (WYS) lies between 27.55°-27.9°N and 117.45°-117.85°E, covering a total area of 
565.27 km2. It is the largest and the most comprehensive semi-subtropical forest system in the southeast China, 
which is known to harbor an exceptional diverse biological resources with plentiful of rare, endemic species.  
Macaca thibetana, also known as the Chinese stump-tailed macaque, is a large gregarious mammal only found in 
the east and central China. Previous survey [15] shows that M. thibetana is very sensitive to human activities. 
2.2. Modeling species’ distribution 
The geographical distribution of M. thibetana is modeled using point occurrence data (18 for M. thibetana), 
environmental variables and a maximum entropy algorithm (Maxent) [16]. The environmental variables thought to 
be relevant to the habitats of M. thibetana, each at 87.22m×87.22m pixel resolution, summarize vegetation types, 
elevation, slope, aspect, distance to water sources, and three human-disturbing variables including distance to roads, 
distance to construction projects and distance to tourism.  
Maxent is run using the linear, quadratic, hinge and product features, while 14 and 4 of the occurrence localities 
for M. thibetana are randomly selected as training and test data respectively. Besides, sites describe streams, roads, 
construction projects and tourism are not considered. The resulting distribution also indicates the habitat suitability 
of each site for M. thibetana. 
2.3. Reserves composed of sites with relative high occurrence probability 
According to the obtained occurrence probability, sites are classified as follows: (i) high occurrence probability 
(0.67-1), (ii) medium occurrence probability (0.34-0.66), and (iii) low occurrence probability (0-0.33); sites of type 
(iii) includes those describe streams, roads, construction projects and tourism. Both sites (i) and (ii) are chosen to 
compose reserves that have a well capacity to represent M. thibetana in WYS. Taking the space demand into 
account, only reserves larger than 6km2, which is the home range of M. thibetana [15], are finally fixed. Moreover, 
merging is performed either if reserves are separated by artificial barriers, i.e., roads, construction projects and 
tourism or if size qualified reserves are isolated by streams. 
2.4. Reserves selected by the target-oriented heuristic approach 
Using the rarity-complementarity algorithm implemented in the ResNet software package [17], reserves are 
selected to capture the representation goal that is obtained by calculating the proportion of the total predicted 
occurrence covered by the reserves with relative high occurrence probability to that across the whole WYS. For only 
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one species, this algorithm progressively adds the site that holds the maximum probability of occurrence. The 
adjacency criterion that breaks ties by selecting new sites physically adjacent to ones already chosen is incorporated 
into the algorithm. Also, reserves are merged and finally determined after a second round screening based on the 
size constraint. 
2.5. Comparison between two reserve networks 
Effectiveness of the target-oriented heuristic approach is firstly examined by comparing the sites contained in the 
reserves it selects to those within the reserves that are of relative high occurrence probability.  
Moreover, a spatial configuration assessment approach [18] is employed for comparing the ecological function of 
the spatial arrangements of these two reserve networks contributing to the long-term persistence of M. thibetana in 
WYS. In this approach, a species will go extinct, across the reserve network, if all the dispersals between reserves 
are failed: 
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in which EPN describes the extinction probability of a species in a reserve network. pi is the extinction probability 
of a species at reserve i. Eiin is the input environ of reserve i, while Eiout is the output environ. j and k represent the 
reserves included in the input environ or output environ of reserve i respectively. m denotes the path length. If m=1, 
pij and pki refer to the failed probabilities of direct movements between the ith reserve and the jth or kth reserves. If 
m>1, pijm and pkim denote the failed probabilities of dispersals through indirect paths of length of m. 
In this study, the failed probability of direct dispersal from the jth reserve to the ith reserve is computed as follow: 
)exp(1 ijij dp D                                                                             (2) 
where exp(-αdij) is usually used to obtain the distance-dependent dispersal probability between reserves, in which α 
is a species-specific constant and dij is the distance between the ith reserve and jth reserve. The function (2) shows 
that distance positively affects the failed dispersal probability from the jth reserve to ith reserve. Here, dij 
is calculated 
as the least-cost distance to ideally model the best theoretical route for a dispersing species [19,20]. Based on the 
least-cost pathways analysis contained within Arc GIS 9.3, species direct dispersals are determined by the least-cost 
dispersal pathways that do not pass through the other reserves. For operating, each unselected site should be 
assigned a value for cost of movement. In this study, the cost value is calculated as the difference between 1 and the 
habitat suitability for housing M. thibetana. In addition, streams, roads, construction projects and tourism are 
considered as strict physical barriers. 
The failed probability of species dispersal along an indirect dispersal path of length of m from the jth reserve to 
the ith reserve is approximated as: 
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where t1, t2, t3, …, tm-1 represent the intermediate reserves passed by the indirect dispersal path. With the help of 
isomorphic digraph corresponding to the direct dispersals between reserves, the indirect dispersals can be thereby 
searched out. 
Lastly, for calculating EPN, a cut-off value of 3 is assigned to the variable m. 
3. Results 
As can be seen in Fig. 1, four reserves (1, 2, 3, 4) composed of sites with relative high occurrence probability are 
finally fixed after applying the size constraint. Table 1 gives the numbers of sites and the total predicted occurrences 
contained in each reserve and the network (network 1). It shows that the number of sites varies from 1210 (reserve 3) 
to 7216 (reserve 1) for the reserves while 14721 sites are included in the whole network 1. Furthermore, the total 
predicted occurrence of M. thibetana ranges from 603.29 (reserve 3) to 3471.56 (reserve 1) for the reserves while 
the summed occurrence over the network1 is 7378.52. 
 
Fig. 1. Reserves with relative high occurrence probability of M. thibetana 
Table 1. The numbers of sites and the total predicted occurrences in reserve 1, 2, 3, 4 and the network 1 
Reserve Number of Sites Total predicted occurrence 
1 7216 3471.56 
2 4133 2254.25 
3 1210 603.29 
4 2162 1049.42 
Network1 14721 7378.52 
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Considering the occurrence probability of M. thibetana at each site, its total occurrence across the WYS is 
15545.4. Thus, target of representation of 47.46% of the total predicted occurrence across WYS is determined for 
running the target-oriented heuristic algorithm. Three reserves (5, 6, 7) that satisfy the space demand of M. thibetana 
are then identified (Fig. 2). Comparing with Fig. 1, it can be found that reserve 5, 6, 7 are contained within reserve 1, 
2, 4 respectively. The calculation results presented in Table 2 show that the number of sites in these three reserves 
changes from 811(reserve 5) to 1464 (reserve 7) while the network 2 is composed of 3665 sites. In addition, the total 
predicted occurrence of M. thibetana shows a difference from 469.94 (reserve 5) to 851.16 (reserve 6) for the 
reserves while is 2090.84 over the network 2. By comparing the sites included in the two networks, the effectiveness 
of the target-oriented heuristic algorithm is 24.9%. 
 
Fig. 2. Reserves selected by the target-oriented heuristic algorithm 
Table 2. The numbers of sites and the total predicted occurrences in reserve 5, 6, 7 and the network 2 
Reserve Number of Sites Total predicted occurrence 
5 811 469.94 
6 1390 851.16 
7 1464 769.74 
Network2 3665 2090.84 
The path numbers and the extinction probabilities of M. thibetana in either network are clarified in Table 3. It is 
clear that the number of paths along which M. thibetana can disperse in the network 2 is much less than that in the 
network 1. The extinction probability of M. thibetana in the network 2, therefore, is significantly greater than that in 
the network 1. 
Table 3. The path numbers and the extinction probabilities of M. thibetana in either network 
Network Path number Extinction probability 
1 22 5.65E-38 
2 6 5.83E-4 
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4. Conclusions 
In this study, we prove that the target-oriented heuristic algorithm has been examined is not an effective tool for 
representing M. thibetana from WYS. This, however, does not mean that the other previous target-oriented 
representation methods will remain the low effectiveness. Our purpose is to mention that the primary function of 
constructing nature reserves is biodiversity conservation, towards which the simplest way to represent a species is to 
select all sites with relative high occurrence probability like the network 1 for M. thibetana in WYS.  
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